In this paper, the Stephani line element is written near the center of symmetry r ≈ 0. We show that in the comoving frame its metric is similar to the FLRW line element but with a time varying spatial curvature index. We suppose the universe with vacuum and dark matter energy densities. We show that there is an interaction between the vacuum energy density with spatial curvature parameter. Due to the time dependence of the spatial curvature parameter the behavior of the vacuum energy density of the universe is different from the standard ΛCDM model. Moreover, the time varying spatial curvature parameter can be regarded as a source for the vacuum energy density.
Introduction
Cosmological observations of the cosmic microwave background (CMB) and the large scale distribution of galaxies indicate that the universe is homogeneous and isotropic on scales larger than about 100 megaparsecs [1] . The apparent acceleration of the expansion of the universe deduced from type Ia supernova observations and the CMB, WMAP and Planck data [2] - [4] , is one of the most striking cosmological observations of recent times. In the context of FLRW models with matter and radiation energy components, the acceleration of our universe can not be explained and would require either the presence of a cosmological "constant" or a new form of the matter which does not clump, dominates the late time evolution with a negative pressure [5, 26] . However, since there is no explanation for the presence of a cosmological constant of the necessary size and there is no natural candidate for dark energy, it is tempting to look for alternative explanations by simply taking one step back and noticing one of the fundamental concepts of cosmology, homogeneity [27] . Recently, non-homogeneous models of the universe have become popular among cosmologists [9] .
One of the inhomogeneous cosmological models which is a solution of Einstein's equations with perfect fluid source that are conformally flat is known as the "Stephani model" [8, 28, 9] . The matter in these solutions has zero shear and rotation and moves with acceleration with non-vanishing density [10] . This solution was obtained by Stephani in 1967 . His solution emerged as one of the spacetimes that can be embedded in a flat 5-dimensional space [23] . This universe and some of its subcases have been examined in many papers [9] . For example, as stellar models [11] - [15] and some generalizations to FLRW [16, 17] . Other papers have pointed out their singularities [18] - [22] and the thermodynamics of their fluid source [30] - [32] , and recently, models with inhomogeneous pressure for testing the astronomical data related to supernovae observations [33, 34] . In these solutions the energy density of matter, ρ, depends only on t while pressure, p, depends on t and r. So in these solutions the barotropic relation p = p(ρ) does not exist [35, 36] . This paper is organized as follows: In section 2 the Stephani metric near the symmetry center r ≈ 0 is presented. In order to solve the field equations two possibilities are considered. In the first, the interaction between vacuum energy and the spatial curvature parameter is investigated. This assumption gives us a dynamically time varying cosmological "constant" that can explain the positively accelerating expansion of the universe. In the last part only a matter dominated universe without vacuum energy is considered in order to explain the current accelerating stage of the universe.
Spherically symmetric Stephani universe
The spherically symmetric Stephani line element in the conformal coordinate frame [η, r, θ, φ] is given by [6, 7] 
where the functions V (r, η), D (r, η) and F (η) are defined as
The energy momentum tensor associated with the above metric is
where ρ = ρ (η) is the mass-energy density, p = p (r, η) is the pressure. Obviously, in this model the barotropic equation of state (i.e. p = p(ρ)) does not hold. In the above equations C,F ,R and k are unknown functions of time. R(η) is the scale factor and k(η) is the time-dependent spatial curvature parameter, so the spatial curvature of the universe may vary during the evolution which is inconsistent with FLRW models. In the paper by Godlowski and Stelmach [25] the relation k(t) = βR(t), which is a special form of a more generalize ansatz of a type k(t) = βR γ (t) is considered where γ is a constant. We consider an observer at the symmetry center of this model. All of our physical assumptions hold around r ≈ 0 [24] . In the first approximation, we expand the function D in the line element (1) up to the second order of r (O(r 2 )). We define the comoving time as dt = F R∂ η 1 R dη, so that the
Stephani line element in the comoving coordinate will be similar to FLRW models but with a time varying spatial curvature parameter which is as following
This metric fulfills the Einstein equations with a perfect fluid source. By solving the Einstein' equations one can get the dynamical equations for the scale factor near r ≈ 0 as the followings
We assume that locally, the matter filling up the universe has a linear equation of state (EOS) of the form
where w is the EOS parameter. For example w = 0 corresponds to dust and w = −1 to vacuum energy. The modified Friedmann equation (7) and the Raychaudhuri equation (8) yield the energy continuity equation as followṡ
It can be seen that the right hand side of this equation is not zero due to the variation of spatial curvature parameter with time and this can be regarded as a source for energy density. To solve these equations we consider two possibilities.
Interaction of vacuum energy with curvature parameter
We assume that the energy density consists of dark matter and vacuum energy (cosmological "constant") components
where ρ v is defined as
and Λ is the cosmological "constant". Here we assume that the dark matter energy density is conserved and obeys the continuity equation in which, as usual, we would take w dm = 0
but the interaction between the vacuum energy and the spatial curvature due to the equation (10) gives the following equation for the vacuum energy densityρ
If we instead consider the interaction of dark matter energy density with spatial curvature parameter we will not get a physical result. We now proceed in an attempt to solve equation (14) . As mentioned before, the spatial curvature index k(t) does not have any special form and is completely arbitrary [29] . We now assume that the curvature parameter depends on the scale factor through the following form which is the simplest choice (see [25] and [24] )
where k 0 is similar to FLRW curvature index normalized to (0, ±1), k 1 is a constant and R 0 is the present value of the scale factor. Inserting the time derivative of (15) and using w v = −1 into (14) gives (for n = 2)
which in turn and by the help of equation (12) and also by putting the constant of integration in equation (16) equal to zero, yields
where Λ 0 is defined as
It is seen that Λ (t) is evolving in proportion to R n−2 which is not constant in time and this kind of dependence is suggested by many authors [37] - [40] . We know that one of the most controversial subjects in cosmology and particle physics theory is the smallness of the effective cosmological constant observed today (Λ 0 10 −56 cm −2 ). Recently, several methods have been proposed for explaining the striking cancellation between the "bare" cosmological constant and the ordinary vacuum energy contribution of the quantum fields [41, 42] . The simplest way is to assume that the cosmological constant is a dynamical variable that in an expanding universe it reduces to its present value, and it is so small today because the universe is too old [43] - [45] . So the problem is to determine the dependence of Λ on the scale factor R. As an example, Chen and Wu found the dependence of Λ as R −2 , based on a dimensional argument in line with quantum cosmology.
They showed that this behavior may resolve some problems in reconciling the observations with the inflationary theory (see [38] ). According to the equation (17), for n < 2 the cosmological constant decreases as the universe evolves from a hotter and denser epoch.
Here we use two observations for determining the behavior of Λ, one is the deceleration parameter and the other is the age of the universe. The deceleration parameter is obtained as
where we have expressed the deceleration parameter q in terms of Ω s,0 and Ω s ≡ ρ s ρ crit which is the fraction of density of the critical density in component s [46] , where s = (k 0 , dm, v). Therefore the present value of q 0 is given by
where Ω dm,0 is the dark matter density defined as
and Ω v,0 is the present density parameter of the vacuum
the subscript zero denotes a present value of these parameters. The sign of q 0 tells us whether the expansion of the universe accelerates (R > 0) or decelerates. High redshift luminosity measurements and the WMAP and Planck measurments of CMB strongly support a dominated vacuum energy component, giving rise to a positive acceleration, that isR must be positive and q 0 negative. A little inspection shows that with n > 0.4 the positively accelerated expansion of he universe can be gained. For this aim we put Ω dm,0 = 0.27 and Ω v,0 = 0.68 with the help of Planck observations [47] .
It is helpful to rewrite equations (7) and (8) in dimensionless varaibles Ω s,0 where
In the above equation we can replace ( R R 0 ) by
where z is the redshift. For R=R 0 , we arrive at the following constraint
The second method for determining the exact value of n is using the age of the universe. To do this, we use the integral of equation (23) to find an expression for the age of the universe. Therefore we obtain
This equation is plotted in Fig. 1 for some values of n. From the Planck 2013 results [47] , the age of the universe is estimated 13.79 Gyr. By inserting the values of density parameters and the age of the universe in the above equation, we can arrive at the estimated value of n which is 1.4 for this model. Accordingly, we arrive at the following equation for the vacuum energy density
this result is in contrast to FLRW models where the energy density of vacuum energy is constant. It is shown that the universe evolves from an earlier hotter and denser epoch, and the cosmological constant term also evolves and decreases to its present value. Therefore, in the work frame of this model, accelerated expansion of the universe can be explained by the existence of vacuum energy density which comes from k(t), fills the universe and dominates the evolution with negative pressure and its energy density is changing with time.
It should be pointed out that by using equation (23) we can find the redshift at which the universe with q 0 < 0, started its accelerating phase. We obtain z = 0.7 for the redshift at which the universe starts to expand with positive acceleration [48] - [50] .
Conclusion
To summarize, we have presented the Stephani line element near the center of symmetry. By considering the interaction of spatial curvature parameter with vacuum energy, a time varying cosmological "constant" energy density has been obtained. We interpret this result as an explanation for the positively accelerating expansion of the universe. Moreover, the time dependence of spatial curvature parameter can be a source for vacuum energy density.
